Background: Since the conception of enhanced recovery after surgery protocols, tubeless strategies have become popular. Herein, we introduce a previously unreported alternative air-extraction strategy for patients who have undergone thoracoscopic wedge resection and explore its feasibility and safety.
Introduction
The enhanced recovery after surgery (ERAS) protocol was first introduced in 2001, and focuses on patient recovery rather than fast discharge. 1 ERAS has increased in popularity in recent years and has become the central theme of perioperative protocol in multidisciplinary works. In the future, ERAS in combination with population features and healthcare policies will result in positive changes in clinical practice. 2 With the extensive implementation of low-dose computed tomography (CT) screening, an increasing number of patients are being detected with small pulmonary nodules. 3, 4 Thoracoscopic wedge resection is a minimally invasive operation, especially for patients with ground glass or suspected benign nodules. [5] [6] [7] [8] [9] [10] Because of the limited resection range and ease of use, the incidence of postoperative complications after thoracoscopic wedge resection is low. 6, 8, 9, [11] [12] [13] The tubeless strategy, which directly omits chest tube drainage, was first used in a thoracoscopic wedge resected population. [13] [14] [15] [16] [17] However, previous studies have reported that this procedure has an increased rate of complications, especially pneumothorax (5.9-40%). 15, [18] [19] [20] Thus, some investigators have suggested the use of a preset air-extraction catheter for prophylactic or remedial airextraction, which we call a prophylactic air-extraction strategy.
In the present study, we introduced this innovative strategy for patients who had undergone thoracoscopic wedge resection and retrospectively analyzed clinical data to evaluate the feasibility and safety of the prophylactic airextraction and other drainage strategies.
Methods
This study retrospectively analyzed the clinical data of 264 patients who underwent thoracoscopic wedge resection for pulmonary nodules at Guangdong General Hospital. The ethics committee of Guangdong General Hospital approved the study.
Study design and patients
Recruited patients met the following criteria: (i) underwent lung wedge resection between January 2015 and June 2017 at Guangdong General Hospital; (ii) with sufficient information from clinical records; and (iii) with an Eastern Cooperative Oncology Group (ECOG) performance status (PS) score of ≤ 2.
After surgery, patients were observed in a monitored setting for one to five days. A chest roentgenogram was repeated before and after chest tube removal, and blood tests were taken as required. The following independent variables were ascertained by reviewing the medical records: age, gender, smoking history, ECOG PS score, nodule size, nodule location, and adhesion in surgery. The surgeon evaluated pleural adhesion, which refers to fibrous bands in the thoracic cavity, during surgery.
Postoperative factors included pneumothorax, pleural effusion, lung infection, chest tube reinsertion, postoperative Numerical Rating Scale (NRS) score, and perioperative death. Pneumothorax was defined as the apex (top) of the lung (a line) surpassing 3 cm and was diagnosed by chest roentgenography. 21 Pleural effusion was defined as blunting of the costophrenic angle on the chest roentgenogram. Postoperative pain on day 1 after surgery was evaluated using the NRS.
Preset air-extraction catheter procedure
After thoracoscopic wedge resection, patients underwent an underwater air-tightness test, which was checked by the insertion of a tube immersed in water and the gradual inflation of the remaining lung to ensure no obvious air leaks. The patients were categorized into the following three groups based on the postoperative drainage strategies used: routine chest tube drainage (RT), omission of chest tube drainage (OT), and prophylactic air-extraction catheter insertion procedure (PC) (Fig 1) . In the RT group, a 20 Fr or 24 Fr chest tube for drainage was inserted. In the OT group, the incision was directly closed after two-lung ventilation. In the PC group, a two-lumen central venous catheter (20 cm 7 Fr) was inserted into the second intercostal space before directly closing the incision (Video S1, Fig 2) . In the PC group, if the chest roentgenogram revealed a pneumothorax on postoperative day 1, the air-extraction catheter strategy was performed using an injector through the preset catheter.
Statistical analyses
To avoid confounding baseline differences between the RT and PC groups, we performed our analyses in all patients after propensity score matching. Patients in the RT and PC groups were matched by propensity scores using SPSS version 22.0 (IBM Corp., Armonk, NY, USA). The propensity score of an individual was calculated according to the covariates of the objective and subjective clinical parameters using a logistic regression model. We applied 1:1 nearest neighbor matching without replacement to ensure that the conditional bias was minimized. Categorical variables were compared using the χ 2 test. Continuous variables were compared using the Kruskal-Wallis test. All statistical tests were two-sided. A P value of < 0.05 was considered statistically significant.
Results
Between January 2015 and June 2017, 264 consecutive patients who underwent thoracoscopic wedge resection for pulmonary nodules were enrolled in the study. Patients were divided into the following three groups according to the different drainage strategies used: RT (n = 176), OT (n = 51), and PC (n = 37). To minimize the selection bias, 
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Thoracic Cancer 9 (2018) 1406-1412optimal 1:1 propensity score matching was performed for gender, age, smoking history, ECOG PS score, nodule size, nodule location, and adhesion in surgery. The analysis is presented in Figure 3 . As shown in Table 1 , differences in age, ECOG PS score, and adhesion in surgery were balanced among the three groups after propensity score matching (age: before P = 0.031, after P = 0.338; ECOG PS score: before P = 0.007, after P = 0.360; nodule size: before P = 0.029, after P = 0.230; and adhesion in surgery: before P < 0.001, after P = 0.586). Table 2 compares the summarized postoperative statistics for these groups. No significant differences were identified in all three groups in terms of pneumothorax, pleural effusion, lung infection, chest tube reinsertion, postoperative NRS score, hospitalization days, and perioperative death. The incidence of pneumothorax was the most common postoperative complication (14/123, 11.4%). A significant correlation was found between the RT, OT, and PC groups (5.6%, 9.8%, and 19.4%, respectively; P = 0.07); however, only one patient (1/7, 14.3%) among the seven Significant P values are given in bold. LRT, routine chest tube drainage; NRS, Numerical Rating Scale; OT, complete omission of chest tube drainage; PC, prophylactic air-extraction catheter insertion procedure; RT, routine chest tube drainage.
Thoracic Cancer 9 (2018) 1406-1412patients with pneumothorax in the PC group underwent chest tube reinsertion compared to three patients (3/5, 60%) in the RT group, which suggests that the air extraction catheter strategy in the PC group was efficient in reducing the incidence of chest tube reinsertion. Figure 4 shows the indication for prophylactic airextraction catheter strategies for thoracoscopic wedge resected patients. One patient underwent thoracoscopic wedge resection of a 0.9 cm pure ground-glass nodule in the right upper lobe using a two-lumen catheter. The chest roentgenogram on postoperative day 1 showed massive pneumothorax (a line = 4.6 cm) (Fig 4a) . After 500 ml of air was extracted using an injector, reexamination via roentgenography showed that the pneumothorax had improved (a line = 1.8 cm) (Fig 4b) . The patient was discharged on postoperative day 3.
Discussion
Enhanced recovery after surgery describes a multimodal perioperative care program. 1, 22 Tubeless strategies are a major area of interest within the field of ERAS for thoracic surgery. 23 Recently, there has been considerable interest in the literature on the omission of chest tube drainage for certain patients, suggesting that the omission of chest tube drainage for thoracoscopic wedge resected patients could be an alternative, less invasive option. 15 However, the complete removal of drainage might increase the rate of complications, especially pneumothorax, and some patients may need chest tube reinsertion. 14, 15, 19 In our study we used a prophylactic air-extraction strategy for thoracoscopic wedge resected patients. Our results showed that this strategy could be an alternative procedure and may reduce the incidence of chest tube reinsertion in patients with pneumothorax.
With the improvement of surgical techniques and thoracoscopic instruments, omission of chest tube drainage has gradually been adapted for thoracoscopic wedge resection. Nevertheless, some complications (mainly pneumothorax) still occur. According to previous studies on tubeless strategies, the incidence rate of chest tube reinsertion is 2.9-4.8%, and it is approximately 50% in pneumothorax patients. 15, 20 The main goal of this prophylactic airextraction strategy is to avoid chest tube reinsertion. Moreover, the preset catheter can remove remnant air, thereby facilitating patient recovery. The most prominent problem Figure 4 Chest roentgenogram of a patient who underwent air extraction using the prophylactic air-extraction catheter insertion procedure. Chest roentgenogram on (a) postoperative day 1 shows massive pneumothorax (the red arrow shows the pneumothorax line) and (b) after the remedial air-extraction strategy. of the two-lumen catheter is plugging, as demonstrated by one patient in the PC group who required chest tube reinsertion. This could be avoided by following a few important rules: (i) the puncture needle should incline to the head during the puncture process; (ii) the distal portion of the catheter should be kept close to the top of the chest; (iii) the patient should be in a sitting position and should be breathing deeply when pumping; and (iv) once the catheter is blocked, the catheter should be pulled out a little or some air should be pumped into the thorax. Our findings showed comparable results of the prophylactic air-extraction strategy and routine chest tube drainage. In our study, the incidence rate of postoperative pneumothorax was 9.8% in the OT group and 19.4% in the PC group, which are consistent with previous reports. [18] [19] [20] However, on the other hand, patients in the tubeless strategy groups (OT + PC groups) had reduced postoperative pain based on NRS scores compared to the RT group (RT vs. OT vs. PC: 3.4 AE 1.1 vs. 2.3 AE 0.9 vs. 2.3 AE 0.8, respectively; P < 0.001). In addition, the tubeless strategy groups also had fewer postoperative hospitalization days (RT vs. OT vs. PC: 4.8 AE 2.9 vs. 3.3 AE 1.5 vs. 2.9 AE 1.4, respectively; P < 0.001). These results corroborate the findings of the previous studies. A list of potential advantages and disadvantages of the different drainage strategies is summarized in Table 3 .
As this is a preliminary feasibility study, we acknowledge several limitations, including the retrospective design and subjective bias. To resolve this, we have since designed a randomized comparative study (TBL-1, NCT03230019) to clarify the safety and benefits of this prophylactic airextraction strategy.
In conclusion, the prophylactic air-extraction strategy may be an alternative air-extraction procedure for selected thoracoscopic wedge resected patients. This remedial air extraction strategy may decrease the incidence of chest tube reinsertion in patients with pneumothorax; however, further investigation of this strategy is warranted.
